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A Tale of Two Theories 

Activation and Micro-Lapses 

We have been developing a computational theory of the 

effects of fatigue (especially sleep-related fluctuations in 

alertness) on the human cognitive system, implemented 

through mechanisms that impact existing components of the 

ACT-R architecture (Gunzelmann, Gluck, Kershner, Van 

Dongen, & Dinges, 2007; Gunzelmann, Gross, Gluck, & 

Dinges, 2009). These mechanisms include the suppression 

of activation in the declarative knowledge system, as well as 
brief breakdowns in the central production execution cycle, 

which we call micro-lapses. 

Through an iterative series of mechanistic architectural 

modifications, model implementations, and goodness-of-fit 

evaluations in task contexts like the Psychomotor Vigilance 

Test (PVT – Dinges & Powell, 1985) and the Walter Reed 

Serial Addition/Subtraction Task (SAST – Thorne, Genser, 

Sing, & Hegge, 1985), the theory has evolved to a state in 

which we have some confidence in its appropriateness. In 

other words, we feel increasingly confident that the 

mechanisms we are using to replicate and explain relevant 

empirical results are both sufficient and necessary for that 

purpose (Estes, 2002). This gives us a measure of 

confidence that it is reasonable, perhaps even advisable, to 

use the theory to make novel performance predictions in 

task contexts beyond those used for originally developing 

and evaluating the theory. So far, we have promising results 
from fatigued performance predictions in both the context of 

dual-tasking (Gunzelmann, Byrne, Gluck, & Moore, 2009) 

and also in the context of simulated driving (Gunzelmann, 

Moore, Salvucci, & Gluck, submitted). 

Cognitive Slowing 

A popular alternative theory of fatigue is one commonly 
referred to as cognitive slowing. Though typically presented 

as a verbal-conceptual theory that describes an important 

category of empirical results from the sleep research 

community, cognitive slowing has inspired at least one prior 

computational implementation that explicitly moderated the 

processing of a simulated cognitive system by literally 

slowing it down (Jones, Laird, & Neville, 1998). To 

introduce fatigue effects into their model, Jones et al. 

modified Soar’s mechanisms to introduce artificial delays in 

processing, thereby having the effect of slowing overall 

system performance. Indeed, one of our very first 

conjectures regarding plausible mechanisms for 

implementing a theory of the effects of fatigue on cognitive 

processing involved a focus on “cognitive slowing” 

implemented as changes in the Default Action Time (DAT) 

of the production cycles in ACT-R, which controls the 

speed of central cognition in the architecture. 

Does It Matter? 

Despite what we consider to be convincing theoretical and 

empirical evidence that a cycle time-based account is less 

valid than our preferred “activation and micro-lapses” 

theory, we have been left to wonder whether the different 

theories would actually produce meaningfully different 

predictions in a more complex, dynamic, realistic context 

like aircraft maneuvering. This is more than just idle 

curiosity. It speaks to the core justification for pursuing 
basic computational cognitive modeling research – that the 

details matter – not only in the arena of theoretical 

constructs, but also in the arena of applied cognitive 

technologies. 

Sleepy Pilot Performance Forecasts 

We incorporated the fatigue mechanisms into a cognitive 

model that flies basic maneuvers with a Predator Synthetic 

Task Environment, in order to simulate the effects of 
extended sleep deprivation on pilot performance. Gluck, 

Ball, and Krusmark (2007) described the basic maneuvering 

task and cognitive model implementation in detail, and 

space considerations preclude repeating that material here. 

We will note, however, that for purposes of the pilot 

performance forecasts reported here we used Maneuver 7 

(which requires simultaneous constant rate of change 

adjustments to airspeed, altitude, and heading over a 90-

second trial) and we used the Control Focus and 

Performance variant of the pilot model, which is our most 

valid replication of expert-level performance on the basic 

maneuvering tasks.  



With that model as a baseline, we implemented our set of 

mechanisms in to the model, and used parameter values 

derived from previous fatigue modeling efforts using the 

SAST, to arrive at principled values for the “Activation and 

Micro-Lapses” account. We also derived predicted DAT 

values for the “Cognitive Slowing” account using values 

estimated to account for dual-task performance. Though 

imperfect, the mechanisms and parameter values reflect an 

honest effort to faithfully implement and parameterize both 
accounts. To evaluate the alternatives, we ran the model 110 

times at each of four levels of sleep deprivation: Baseline 

(no sleep deprivation), 1, 2, and 3 days of sleep deprivation.  

Results are presented in Figure 1. 
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Figure 1: % failed basic maneuvering trials by fatigue 

theory, across four levels of sleep deprivation 

 

The forecasts show nearly identical performance up to 

two days of sleep deprivation, followed by a dramatic 

difference in predicted performance level after three days 

without sleep. The obvious implication of this result is that 

it suggests that it does matter what the details are in your 

implementation of a theory of fatigue in the human 

cognitive system, at least in the extreme. However, this 

result also raises an assortment of more subtle issues 
associated with the challenges we face as we begin trying to 

make real, no kidding, a priori performance predictions in 

transfer contexts. Some of these questions include: 

 

1. How sensitive are the predictions to variations in 

the model parameters? 

2. How valid are the results? 

3. Would we be comfortable using these results to 

inform policy decisions? 

 

We hope to discuss and debate possible answers to 

these questions with attendees at ICCM 2009. 

Discussion 

The good news story is that we have reached a state in our 

research where we can make forecasts of this sort in 

complex, dynamic domains and have some confidence in 

the accuracy of those predictions. This is a desirable state 

for cognitive science in general, and for us in particular. 

The bad news story is that we have no expectation of 

being able to directly evaluate the accuracy of the model 

predictions against empirical human data. It is logistically 

difficult and expensive to run the necessary sleep protocols 

with this task. It is an interesting conundrum that we are just 

beginning to face in computational cognitive science. 
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